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Circuit arrangement for detuning a resonant circuit of an MR apparatus 



The invention relates to a circuit arrangement for an MR apparatus, having a 
resonant circuit, which is formed by an MR receiving coil and a capacitor, and having an 
electronic control circuit for switching the resonant circuit between two or more operating 
modes. 

S The invention also relates to an MR apparatus having a circuit arrangement 

according to the invention and to an MR method employing such an MR apparatus. 

MR apparatuses used primarily for medical imaging purposes are known from 

10 the prior art; separate transmitting and receiving coil arrangements are provided in these 
apparatuses. The purpose of the transmitting coil arrangement here is to generate high- 
frequency fields in the examination volume of the MR apparatus, which induce nuclear 
magnetization in the examination volume. The receiving coil arrangements serve to pick up 
MR signals from the examination volume. The receiving coil arrangements can either be in 

IS the form of volume coils, or - for optimization of sensitivity in specific regions of the 

examination volume — in the form of surface coils, which are placed directly on the body of a 
patient located in the examination volume of the MR apparatus. Such receiving coils are 
normally wired up with suitably adapted capacitors, so that each receiving coil has associated 
with it a resonant circuit of which the resonant frequency is tuned to the proton resonant 

20 frequency of the MR apparatus. To induce the nuclear magnetization in the examination 
volume, high-frequency pulses in the power range of several kilowatts are normally 
introduced by means of the transmitting coil arrangement. The frequency of the high- 
frequency pulses is in turn the same as the resonant frequency of the resonant circuits 
associated with the receiving coils. The high-frequency pulses therefore enter resonantly into 

25 the receive-side resonant circuits of the MR apparatus. The result of this is that, on the one 
hand, the high-frequency energy is undesirably partially absorbed by way of the receiving 
coil arrangement. On the other hand, the resonant input possibly causes significant heating of 
or even irreversible damage to the receiving coil arrangement and to the corresponding 
resonant circuits. When using surface coils, the resonant heating may lead to a risk of injury 
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for the patient being examined, on whose body the surface coils are placed directly. It is also 
problematic that the receive-side resonant circuits are customarily connected to sensitive 
receiver amplifiers, the input stages of which can be damaged by the high-frequency energy 
introduced in transmit mode. At any rate, the receiver amplifiers are severely overdriven, so 
5 that after every excitation by means of a high-frequency pulse the entire receive electronics 
of the MR apparatus have an undesirably long dead time before the received MR signals can 
be correctly processed. 

In MR apparatuses that have separate transmitting and receiving coil 
arrangements, it is known specifically to detune the receive-side resonant circuits during 

10 transmit mode, so that an input of high-frequency pulses into the receiving coils during 

transmit mode is prevented. For that purpose, suitable circuit arrangements are provided, by 
means of which each of the receive-side resonant circuits can be switched back and forth 
between a resonant operating mode and a non-resonant operating mode. The resonant 
operating mode is here intended for the receive mode and the non-resonant operating mode is 

1 5 intended for the transmit mode of the MR apparatus. 

A circuit arrangement of the kind outlined above is known, for example, from 
WO 01/74466 Al. The known circuit arrangement serves for switching a resonant circuit 
having a MR receiving coil in the form of a microcoil between a resonant and a non-resonant 
operating mode. Here, the entire resonant circuit is moimted at the tip of an intervention 

20 instrument. The known circuit arrangement comprises an optoelectronic element, by means 
of which the resonant circuit is detuned. In the case of the known circuit arrangement, the 
control signal that causes detuning of the resonant circuit is a light signal, which is fed to the 
optoelectronic element by way of an optical waveguide. 

The drawback of the system known from the prior is primarily the fact that the 

25 (optical) control signal has to be fed to the resonant circuit to be switched back and forth 
between the different operating modes by way of a signal line specifically intended for this. 
For that purpose, apart from the optical waveguide, yet further optoelectronic components are 
required, which do not belong to the regular equipment of customary MR apparatuses. As a 
technically simpler version, it would admittedly be possible for the control signal for 

30 switching between the different operating modes to be fed to the resonant circuit in the form 
of an electrical signal by way of conventional electrical connecting wires. But the problem 
inherent in this is that suitable electrical connecting wires that connect the reversible resonant 
circuit of the MR receiving coil to the central control unit of the MR apparatus have to be 
several meters long. Such long wires in turn act as receiving antennas, which the high- 
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frequency pulses couple into in transmit mode. Here too, resonant heating phenomena can 
occur, which represent a corresponding risk of injury for the patient to be examined. 

S Taking this as starting point, it is an object of the invention to provide a circuit 

arrangement for an MR apparatus for switching a receive-side resonant circuit between 
different operating modes, wherein the circuit arrangement can be simply and inexpensively 
realized and can be used without any risk of injury for the patient. 

That object is achieved by the invention by a circuit arrangement as claimed in 

10 claim 1, the electronic control circuit being connected with a receiving device for wireless 
reception of a high-frequency electromagnetic control signal. 

Through the use of a high-frequency electromagnetic control signal, that is, a 
radio signal, for activating the resonant circuit, any physical connection between the receive- 
side resonant circuit and the central control unit of the MR apparatus can be omitted. There is 

IS no risk of injury for the patient being examined since the high-frequency electromagnetic 
control signals for switching over the resonant circuit place at least no more stress on him 
than the high-frequency fields to which he is exposed anyway during the transmit mode of 
the MR apparatus. The electronic control circuit required to switch over the resonant circuit, 
together with the associated receiving device for wireless reception of the control signal, can 

20 be realized with standard components at low cost. In particular, the expensive optoelectronics 
that are required in the case of the system known from the above-mentioned printed 
publication can be omitted. 

An especially practicable version of the circuit arrangement according to the 
invention is produced as claimed in claim 2 when the receiving device is formed by the MR 

25 receiving coil itself, switching over of the resonant circuit being controllable by means of the 
control circuit in dependence on the amplitude of the high-frequency signal present at the MR 
receiving coil. By means of the control circuit, the terminal voltage present at the MR 
receiving coil is detected, and, when a pre-determinable switching threshold is exceeded, the 
resonant circuit of the MR receiving coil is switched over to the non-resonant operating 

30 mode. If in transmit mode of the MR apparatus a high-frequency pulse is input, then this 
couples first into the MR receiving coil and thus causes the terminal voltage present at the 
MR receiving coil to exceed the threshold value. After that, switching over into the non- 
resonant operating mode is effected, so that the resonant circuit and the receiving electronics 
in connection therewith are protected. 
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Alternatively, as claimed in claim 3, in the circuit arrangement according to 
the invention the receiving device can be formed by an additional resonant circuit, which is 
tuned to a different resonant frequency from the resonant circuit formed by the MR receiving 
coil and the associated capacitor. To switch the resonant circuit of the MR receiving coil into 
S the non-resonant operating mode, in this version a high-frequency electromagnetic control 
signal is sent, to be precise, at the resonant frequency of the additional resonant circuit, this 
frequency dififering from the MR resonant frequency. At the same time, the control signal can 
advantageously have a very low transmitting power, which does not stress the patient in any 
way. If there are several independent MR receiving coils with associated resonant circuits, 

10 these can either each have an additional resonant circuit, which is tuned to a single common 
frequency of the control signal, so that all receive-side resonant circuits can be switched with 
a single control signal between the difiTerent operating modes. Alternatively, each receive- 
side resonant circuit can have an additional resonant circuit each having a different resonant 
frequency, so that by appropriate selection of the frequency of the control signal, individual 

IS receive-side resonant circuits can be switched over specifically. 

The additional resonant circuit of the last-described version of the circuit 
arrangement according to the invention can advantageously be connected to a rectifier circuit 
for generating a low-frequency switch-over signal, as claimed in claim 4. From the high- 
frequency control signal received by the additional resonant circuit, the rectifier circuit 

20 generates the low-frequency switch-over signal that is required within the electronic control 
circuit of the circuit arrangement according to the invention for switching between the 
possible operating modes. According to this version, it is advantageous that the energy 
supply for switching over is applied by the received electromagnetic control signal itself, so 
that the circuit arrangement according to the invention manages entirely without its own 

25 energy supply and without active circuit components. 

An advantageous further aspect of the circuit arrangement according to the 
invention is produced as claimed in claim 5, wherein the control circuit comprises a time- 
delay circuit that is constmcted so that the resonant circuit formed by the MR receiving coil 
and the associated capacitor, on receipt of the control signal, is switched over into an 

30 activated or a deactivated operating mode, and thereafter remains in that operating mode for a 
time interval of pre-determinable duration. It is thus possible, for example, shortly before the 
introduction of a high-frequency pulse in transmit mode of the MR apparatus to transmit the 
control signal in order to switch over the resonant circuit of the MR receiving coil into the 
non-resonant operating mode. The time-delay circuit ensures that the receive-side resonant 
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circuit remains in this de-activated operating mode for the duration of the transmit mode of 
the MR apparatus. Once the transmit mode has ended, the resonant circuit MR receiving coil 
is automatically switched back into the activated, that is, resonant operating mode. 
Altematively, the circuit arrangement can be constructed so that shortly before the start of the 
5 receive mode the resonant circuit is switched by means of the control signal from the non- 
resonant operating mode intended for the transmit mode into the resonant operating mode, 
and by virtue of the time-delay circuit remains in this resonant operating mode throughout 
reception of the MR signals. 

In a further possible embodiment of the circuit arrangement according to the 
10 invention, as claimed in claim 6 the receiving device is constructed to receive radio signals of 
a radio control. Conunercial radio control components can accordingly be used to realize the 
invention. 

The circuit arrangement according to the invention can be used for an MR 
apparatus as claimed in claim 7. 

IS In addition, the circuit arrangement according to the invention can be used as 

claimed in claims 8 and 9 in an MR method to generate an image of an examination object, 
the image being reconstmcted from MR signals that are picked up from the examination 
volume after input of a high-frequency pulse, and the resonant circuit formed by the MR 
receiving coil and the associated capacitor being switched by additional generation of a high- 

20 frequency electromagnetic control signal between an activated and a de-activated operating 
mode, such that the resonant circuit is in the de-activated operating mode during input of the 
high-frequency pulse. Here, as stated above, the control signal may have a different 
frequency from the high-frequency pulse and in particular the control signal can be generated 
before or after the high-frequency pulse if the control circuit is equipped with the above- 

25 described time-delay circuit. 

The method according to the invention can be made available to the user of 
MR apparatuses as claimed in claim 10 in the form of a corresponding computer program. 
The computer program can be stored on suitable storage media, for example CD Rom or 
diskette, or it can be downloaded via the internet onto the computer unit of the MR apparatus. 

30 



These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 

In the drawings: 
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Fig. 1 shows the MR apparatus according to the invention; 
Fig. 2 shows the circuit arrangement according to the invention. 



S Fig. 1 shows an MR apparatus according to the invention in the form of a 

block diagram. The apparatus comprises a main field coil 1 for generating a homogeneous, 
static magnetic field in an examination volume, in which there is a patient 2. The MR 
apparatus illustrated furthermore comprises gradient coils 3, 4 and 5 for generating magnetic 
field gradients in different directions in space within the examination volume. By means of a 

10 computer unit 6, which is connected via a gradient amplifier 7 to the gradient coils 3, 4 and 5, 
the variation with time of the magnetic field gradients within the examination volume is 
controlled. A transmitting coil 8 for generating high-frequency fields in the examination 
volume also forms part of the MR apparatus. The transmitting coil is in connection by way of 
a transmitting amplifier 9 with the computer unit 6. An MR receiving coil 10, which is part of 

15 a resonant circuit not illustrated in Fig. 1, is used to pick up MR signals from the examination 
volume. A control circuit, which is symbolized in Fig. 1 by a switch 1 1, is provided to switch 
the resonant circuit between two or more operating modes. The switch 1 1 is activated by a 
receiving device 12, the receiving device 12 being constructed for wireless reception of a 
high*frequency electromagnetic control signal. A transmitting unit 13, which in its tum is in 

20 connection with the computer unit 6, is used to transmit the control signal. Alternatively, the 
transmitting coil 8 that is already present can be used for transmitting the control signal. 
Switching the resonant circuit between the different operating modes is therefore monitored 
by the computer unit 6. The MR receiving coil is in connection via the switch 1 1 with a 
receiving unit 14, which is used to amplify and to demodulate the received MR signals. The 

25 MR signals thus processed are transmitted to a reconstruction and visualization unit IS. An 
image reconstructed from the MR signals can be displayed by means of a monitor 16. The 
computer unit 6 possesses a program control, by which the above-described MR method can 
be implemented on the MR apparatus. 

The circuit arrangement illustrated in Fig. 2 comprises a resonant circuit, 

30 which is formed by an MR receiving coil LI and a capacitor CI . An electronic switch S is 
provided for switching the resonant circuit between two or more operating modes. In a de- 
activated operating mode, in which according to the invention is it intended to prevent high- 
frequency radiation from coupling into the resonant circuit, the electronic switch S is open. In 
this operating mode, above all a sensitive receiver amplifier A is prevented from suffering 
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damage or at least from being overdriven. In an activated operating mode, the switch S is 
closed, so that the resonant circuit formed by the MR receiving coil LI and the associated 
capacitor CI is resonant and MR signals can be received. In the case of the circuit 
arrangement illustrated in Fig. 2, an additional receiving coil L2 is provided as well, and 
S together with the capacitor CI this forms an additional resonant circuit, which is tuned to a 
different resonant frequency from the resonant circuit formed by the MR receiving coil LI 
and the associated capacitor CI. This additional resonant circuit serves to receive a high- 
frequency electromagnetic control signal, which has a difTerent frequency from the frequency 
of the MR signals to be received. The control signal received by means of the additional 

10 resonant circuit decays across a resistor Rl and is rectified by means of a diode D. A low- 
frequency switching signal for switching the change-over switch S is thereby produced. The 
control circuit fiirthermore comprises a time-delay circuit, which is formed by a capacitor C2 
and a resistor R2. The capacitor C2 is charged by the received control signal. Discharge of 
the capacitor C2 is effected after termination of the input of the control signal via the resistor 

1 5 R2. The capacitor C2 and the resistor R2 define a time constant, so that, on receipt of the 
high-frequency control signal, the resonant circuit formed by the MR receiving coil LI and 
the associated capacitor CI is switched by means of the additional resonant circuit firstly into 
the de-activated operating mode and thereafter remains in that operating mode throughout the 
time predetermined by the time constant, even when the control signal is no longer present. 

20 Alternatively, the circuit arrangement illustrated in Fig. 2 can be constructed so that the 
change-over switch S is closed by the low-frequency switching signal, so that the resonant 
circuit for receiving MR signals, formed by the MR receiving coil LI and the associated 
capacitor CI, is switched out of the de-activated operating mode into the activated resonant 
operating mode and then remains in that operating mode throughout the corresponding time 

25 interval. 



